Expanding employment opportunities for citizens has become an increasingly central goal of public policy in the United States. Prior work has considered that the inability of households to spatially access jobs may be a driver of unemployment. The provision of public transportation provides a viable policy lever to increase the number of job opportunities available to households. Previous research has yielded mixed results regarding whether household location is an important factor in determining employment status. Several papers have identified mobility as a limiting factor for obtaining a job, particularly in regards to private vehicle ownership. The location of economically developed neighborhoods and the citing of public transportation are conceivably codetermined, presenting an endogenous relationship. It is therefore unclear if public transportation access is actually contributing to neighborhood job market outcomes. This paper will use the incidence of Hurricane Sandy striking New York City on October 29, 2012 and the resulting exogenous reduction in public transit access to particular neighborhoods as a natural experiment to test for the effect of public transportation on employment outcomes. This study identifies a significant causal effect linking public transportation access to neighborhood unemployment rates, particularly amongst subgroups dependent on public transit.
Introduction
There has been substantial interest in public policy circles in recent years regarding strategies of "job creation" and fostering "job access." These terms are rarely provided with concrete definitions and are instead meant to capture an alleged capacity on the part of government to decrease unemployment, or increase the quality of jobs that are available to individuals. Making job opportunities more spatially accessible represents a plausible policy lever to improve employment outcomes amongst urban residents. If government improves transportation networks, the number of jobs available to a typical individual will be increased, potentially improving the speed with which workers match to firms and improving the quality of matches.
Job access is closely related to issues of urban sprawl and the theory of spatial mismatch, both of which consider spatial gaps between workers and jobs. For populations reliant on public transportation, the ability to access employment is closely tied to the usability and extent of the region's public transportation network. There is empirical evidence that populations with better access to jobs through public transportation networks also enjoy lower rates of unemployment (Holzer et al., 2003; Kain, 1992; Sanchez et al., 2004) . Contrastingly, studies have argued that private vehicle ownership is the dominant transportation variable driving differences in employment outcomes (Baum, 2009; Ong and Miller, 2005; Raphael and Stoll, 2001; Taylor and Ong, 1995) .
Locations that occupy geographically central locations, or have exogenously developed as centers of economic activity or affluence, will be more likely to see local public transit investment due to the higher economic returns to transit infrastructure in such areas. The effect of Hurricane Sandy on New York City's public transportation Raphael, 1998; Rogers, 1997; Smith and Zenou, 2003; Taylor and Ong, 1995) . To this point there have been conflicting findings regarding whether spatial mismatch is a primary driver of high unemployment amongst inner-city populations. Harrison (1972) looked at large US metros and found no conclusive evidence that spatial isolation was causing unemployment amongst black populations. The study ceded the difficulty of identifying a causal relationship, calling for a longitudinal study to track the movement of households through time. Farley (1982) presented empirical evidence that spatial dimensions of employment markets cause higher rates of unemployment amongst black populations, particularly in northern US metros. The study used controlled regressions and estimated that 15% of the gap in white-black unemployment could be derived as a consequence of housing segregation and suburban employment location. Immergluck (1998) applied an investigation of spatial mismatch to Chicago, finding a strong correlation between localized job market opportunities and the likelihood of being employed.
The importance of spatial dimensions of labor markets can be generalized beyond inner-city minority populations to investigations into the importance of job accessibility to workers generally. It is important to recognize that isolation from opportunities is a consequence of inaccessibility, rather than distance. If workers have efficient transportation that connects them to jobs then distance can plausibly be overcome. This reasoning has led to the growth of so-called 'transportation mismatch' literature, which purports to show that if isolated populations are extended transportation opportunities, unemployment gaps may be abated.
Numerous prior papers have demonstrated that increasing rates of private vehicle ! 5! ! ownership amongst low-income or minority populations may be an effective means of reducing unemployment amongst these populations (Baum, 2009; Gordon and Kumar, 1989; Kawabata, 2003; Ong and Miller, 2005; Raphael and Stoll, 2001; Taylor and Ong, 1995) . Taylor and Ong (1995) found that commute times amongst minority workers were actually shorter than for white workers, in apparent contradiction to the spatial mismatch hypothesis. Driving to work alone -as apposed to alternative modes-was shown to be a significant predictor of a short commute time across race groups and neighborhoods. Raphael and Stoll (2001) examined the gap in employment outcomes between minority and white workers, finding that lower rates of car ownership amongst minority populations explained 45% of the black-white employment gap, and 17% of the Hispanic-white employment gap. Ong and Miller (2005) argued that there is surprisingly scant evidence supporting spatial mismatch being a major driver of differential unemployment rates for black workers, and presented compelling empirical evidence that the lack of a private vehicle significantly limits job prospects of black workers in the context of Los Angeles.
Despite evidence of a beneficial marginal effect of car ownership, it is not clear that aggregate regional accessibility is well served by increasing private vehicle use. In dense urban environments in the US, road networks are typically filled past their designed capacity during peak hours, resulting in congestion. Although providing a car to a marginal household may increase the job prospects of that household, increased car ownership also inflicts a cost on existing commuters through higher congestion. The effect of increased car ownership on aggregate mobility and accessibility is therefore ambiguous, with the negative effects being more pronounced in high congestion cities.
! 6! !
The provision of public transit provides a plausible means to increase employment access while not contributing to road congestion. Thomas Sanchez furnishes the literature with US case studies looking directly at public transit characteristics -such as the nearness to a bus or subway stop, or transit service frequency -relating high transportation access to lower levels of unemployment. Sanchez (1999) analyzed access to public transportation for poor black communities in Portland, Oregon and Atlanta, Georgia, finding that unemployment is higher for those residents who live more than 400 meters from a public transit node. Sanchez et al. (2004) looked at a wider sample of cities and found transit access to be negatively related to the likelihood of a household being on government assistance. Despite these seemingly strong findings, Sanchez et al. (2004) admits to possible identification issues, pointing out that the locational choices of households "result from complex and intricate factors" that may be codetermined with economic success. Bollinger and Ihlanfeldt (1997, 2003) estimated local employment growth attributable to the construction of rail infrastructure in the Atlanta region. The authors found that neighborhoods adjacent to a new rail station had no significant increase in local employment. Bollinger and Ihlanfeldt (1997) suggest this is attributable to the low ridership experienced by the rail system in the highly auto-oriented environment of Atlanta. Kain (1992) provided an exhaustive review of prior spatial mismatch research at the time. Kain (1992) contains a direct discussion of the merits of promoting mobility as a means to overcome the problems of spatial mismatch, particularly directing the discussion at Hughes and Madden (1991) . Hughes and Madden (1991) advocated ! 7! ! integrative housing policies that would end spatial isolation amongst black populations, suggesting that transportation based policies are untenable because they accept persistent segregation. Kain (1992) responded that increasing suburban access to inner-city residents is actually pro-integrative as it reduces the daily experience of isolation. Gobillon et al. (2007) investigated transportation-based solutions to spatial mismatch and found evidence for the efficacy of such policies to be mixed.
Identifying the causal effect of transportation investment on employment must overcome the potentially endogenous processes by which transit provision and local economic growth are determined. Specifically, it is unclear if transportation infrastructure causes changes in local labor market outcomes or rather the citing of transportation is determined by preexisting local economic conditions. A related argument put forward by Knight and Trygg (1977) is that the impact of rail infrastructure on accessibility is limited because urban rail is almost exclusively cited in areas that can be easily accessed by car to begin with. Ihlanfeldt and Sjoquist (1998) provide a discussion of the potential endogeneity that occurs when using household location as a predictor of employment outcomes: "The problem with this approach is that while job access may affect employment, employment may also affect the magnitude of the measure of job access."
Ihlanfeldt and Sjoquist (1998) considered past evidence to be inconclusive regarding the presence of a causal role of transportation access on employment. A primary focus of this paper will be to establish that the accessibility provided by public transportation has a causal relationship with neighborhood unemployment, particularly amongst those without access to a private vehicle.
Exclusively studying youth populations has provided a partial solution to the ! 8! ! identification problem because the location of a youth's home is more plausibly exogenous. If it is assumed that youth have no influence over household locational choice then a youth's location may be orthogonal to their employability; however, job market ability has been shown to be highly stable across familial generations (Clark, 2014) , suggesting that the neighbourhood choice of parents may be spatially stratifying youth populations by ability. Ellwood (1986) examined youth employment outcomes in Chicago, finding that although isolated black populations commuted significantly farther on average than whites, spatial isolation had only a small effect on their ability to actually secure employment. Ihlanfeldt and Sjoquist (1990) delivered compelling evidence that "nearness to jobs" through the transportation network is strongly correlated with unemployment amongst youth populations in Philadelphia. O'Regan and Quigley provided a series of papers on the connection between neighbourhood accessibility and youth employment rates (O'Regan and Quigley, 1996, 1998) , generally finding that more centrally located neighbourhoods provide superior job market outcomes for youth. which extended service to a particular suburb, as an exogenous shock to the labor pool available to firms located along the new BART route. Holzer et al. (2003) found that firms along the extension hired more Hispanic residents from the inner city after the extension was completed, although found no significant impact on black employment.
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The exogeneity assumption made by Holzer et al. (2003) is suspect because it ignores that the citing of transit infrastructure may be codetermined with economic activity (see Knight and Trygg, 1977) . The citing of the new BART line was not random, but was specifically located along a route where planners foresaw a future demand for commuting. Furthermore, exogeneity of the event assumes that the extension played no factor in firm locational choice in the years leading up to the actual opening of the new rail route. It is likely that firms that chose to locate along the new line were predisposed to taking advantage of the inner-city labor pool, as accessible labor is a natural consideration in firm locational choice. Therefore, the finding that firms along the rail extension hired a higher percentage of Hispanic workers cannot be simply attributed to increased mobility of these residents. A central contribution of the present paper will be to utilize an unplanned, and unforeseen variation in infrastructure to avoid these barriers to causal inference.
Several of the aforementioned papers share the same barrier to identification: disentangling the endogenous relationship between localized economic development and the citing of public transit. In order to infer a causal impact of public transportation on neighborhood employment, the effect of employment on transportation infrastructure construction must be removed. The remainder of this paper will explicitly address this confounding relationship.
Data
This paper relies on American Community Survey (ACS) data, collected by the US Census Bureau. In order to identify trends through time, one-year estimates are used Amongst the 387 other principal cities of defined metropolitan areas in the US in 2012, the average rate of public transit use for commuting was only 4.3%, while the average rate of household vehicle ownership was 89%. Findings for New York City therefore reflect the specific realities of a dense urban environment with significant public transit use.
Methodology
This study uses a difference-in-difference approach to identify the impact the R Train closure had on employment outcomes for affected neighborhoods. A difference-indifference approach allows for the estimation of how employment outcomes changed in the affected neighborhoods, while controlling for regional employment trends through Three PUMAs are identified that are primarily reliant on the R Train in order to reach job centers in Manhattan and beyond: Community Districts 6, 7, and 10 (see Figure   1 ), all of which are in western Brooklyn. Although PUMAs represent a coarse geographic unit, this study is fortunate that these three PUMAs align very closely to the neighborhoods one would hypothesize to be heavily reliant on the R Train. The boundaries of treatment PUMAs are consistent through time.
Community Districts 6, 7, and 10 represent a highly diverse population. The median income of New York City in 2013 was $35,000. The median income of Community District 6 was substantially higher at $65,000, Community District 7 was substantially lower at $25,000, and Community District 10 was somewhat higher than the city median at $42,000. These three community districts had a greater share of white residents (67%) and a lower share of black residents (4%) than the citywide shares, which were 50% and 24% respectively.
In testing the impacts the tunnel closure had on these neighborhoods it is useful to of the workforce commuted to Manhattan for employment. Within the treatment subpopulation that commuted to Manhattan, 84% reported using the subway to commute.
This suggests the R Train represented an important link to employment for the treatment neighborhoods. The Hispanic population departs somewhat from these statistics, with only 32% of the Hispanic workforce commuting to Manhattan. Those earning high incomes were more likely to commute to Manhattan. Workers earning above the median income worked in Manhattan at a rate of 53%, compared to 33% for workers earning below the median. For workers earning in the bottom 10 th percentile of incomes, the probability of working in Manhattan was similarly 33%.
In accordance with Angrist (2001) and Angrist and Pischke (2009) OLS is used throughout this study rather than an estimation method specific to limited-dependent variables.
1 Table 2 provides a regression for the full sample of New York City workers.
As economic conditions improved following the financial crisis of 2008, the probability (2001) and Angrist and Pischke (2009) argue for dispensing with limited dependent variable models in favor of conventional OLS approaches in cases where the research interest is the estimation of a particular causal effect. The ostensible advantage of limited dependent variable methods is tied to reconciling structural parameters rather than isolating causal effects. The statistical significance of the estimated partial effect of interest in the current study holds in the case of estimation using a logit or probit model; however, the partial effect provided by OLS is more readily interpretable.! ! of unemployment amongst New York City workers fell. Year fixed effects show the probability of being unemployed decreased across the four years studied. Column 2 adds individual level controls for age, age squared, logged annual income, and whether the individual had access to a private vehicle. Subsequent regressions include a full set of controls for education level. Kasarda (1989) provides evidence from US inner cities demonstrating that a great deal of variation in employment outcomes amongst spatially isolated households can be explained by education level. Column 4 in Table 2 Table 3, columns 1 and 2 provide difference-in-difference estimates for average home value and rent paid.
! 20! !
There is no significant effect on either of these variables from being in a treated neighborhood, although the point estimates demonstrate a negative effect.
Workers who left the treatment neighborhoods in 2013 cannot be observed and therefore their employment characteristics cannot be directly examined. Changes in neighborhood demographics can be observed and used to check for shifts in neighborhood composition. Table 3 , columns 3-8 present the partial effect of being in the treatment group on the likelihood or magnitude of relevant demographic characteristics.
There is an observable shift in workforce demographic characteristics in treatment neighborhoods including an increase in the proportion of black and Hispanic residents, an increase in age, and a decrease in the probability of holding a graduate degree. Although these observations provide some evidence of a shift in neighborhood demographics tied to the R Train closure, they do not pose a direct problem for estimation as they are all explicitly entered into the difference-in-difference model as controls. Therefore, changes in socioeconomic make-up of the neighborhood cannot be cited as an explanation of the increase in unemployment found in this study. However, the potential for shifts in latent ability characteristics that are not controlled for prevents the translation of clear neighborhood level effects to individual level impacts.
The following section will exploit variation in a worker's dependence on public transportation to look for evidence that the observed rise in unemployment can be linked to reductions in mobility.
Results: Effect of Private Vehicle Access
Several prior studies have found a relationship between vehicle ownership and an ! 21! ! increased propensity to secure employment (Baum, 2009; Gordon and Kumar, 1989; Kawabata, 2003; Ong and Miller, 2005; Raphael and Stoll, 2001; Taylor and Ong, 1995) .
If the employment effect found in the current study is in fact a result of the loss of R Train service, this impact should be larger amongst those who are most dependent on public transit. The ACS asks respondents how many vehicles are kept at the household, and are available to the household member. In this section the sample is split in two:
those with no vehicles available at all, and those with at least one. 57.7% of the workforce has access to at least one vehicle. Table 4 (columns 1 and 2) conforms to expectations regarding the role of vehicle ownership. Education and income are controlled in all regressions so the impact of car ownership can be interpreted as independent of an income effect. Individuals with access to a vehicle were found to experience a significant increase in unemployment of 0.7 percentage points as a result of the transit disruption, while individuals without access to a vehicle were found to suffer a much larger increase of 2.2 percentage points. The effect of reduced transit is clearly more pronounced amongst those who lack an outside option for transportation. This section's findings strengthen that of the previous section by drawing a clear line in the data between job access through the public transit system and employment outcomes.
Results: Differences Across Race Groups
Exploring differences in US employment outcomes between race groups has received significant attention in the literature; furthermore, investigations into the spatial ! 22! ! mismatch hypothesis are often predicated on the observed spatial isolation of urban black populations. It is therefore of interest whether the impact of spatial isolation is particularly acute amongst minority populations.
This section divides observations into groups of race and ethnicity. Table 4 (columns 3-6) shows how the impact of job access is highly variable across race groups.
For the entire population (Table 2, In the current study, spatial isolation from jobs appears to exert a larger influence on black communities than white communities. However, the impact within the Hispanic population is significantly greater than within either white or black populations, suggesting that future investigations into spatial mismatch should pay greater attention to the apparently large impacts of job accessibility amongst Hispanics.
Conclusion
The advent of Hurricane Sandy flooding the Montague Street Tunnel represents a unique natural experiment for investigating the impact of job accessibility through public transportation on employment outcomes. There is compelling evidence that a sudden decrease in public transportation triggered a significant hardship for the job market prospects of affected workers. This finding provides an argument against eliminating existing urban transit services, as reductions in service may have significant and costly effects realized through increased local joblessness. An inability for agencies to fund current transit levels and to contemplate service reductions is not an uncommon scenario (Gomez-Ibanez, 1996; Nelson et al., 2007) .
Household locational choice is not exclusively determined by current employment or employment prospects. Locational choice is instead the result of a complex decision function of which one element is employment. It is therefore not sensible to invoke an overriding theory of spatial equilibrium with respect to jobs. Workers may be compelled by finances, family ties or community networks to remain in a neighborhood even if it does not perfectly suit their needs for employment or mobility. This reality opens policy space for efficiency gains through maintaining transit to neighborhoods with otherwise poor job accessibility. Establishing a deeper understanding of the extent and speed with which households relocate in response to transit alterations would be a fertile area for future research.
This study finds strong evidence that public transportation access plays a meaningful role in setting the level of local unemployment. During contemplation of public transportation policy the localized employment effects are rarely explicitly considered; however, the impact appears to be large. In New York City the effect is 
